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GAS SUPPLY SYSTEM FOR A METALLURGICAL FURNACE 
AND. METHOD FOR OPERATING THIS SYSTEM 

The invention concerns a gas supply system and a method for 
operating a system of this type for a side blowing and/or a 
bottom blowing metallurgical furnace, especially a converter for 
producing carbon steels or stainless steels, with at least one 
tuyere, which is mounted in the side wall and/or in the bottom 
of the .furnace, wherein gas is conveyed through a line to the 
tuyere and through the tuyere to the interior of the 
metallurgical furnace. 

To produce stainless steels, it is well known that, for 
example, converters of the AOD type (Argon Oxygen 
Decarburization) with side-mounted tuyeres can be used, whereas 
to produce other grades of steel, it is also possible to use 
converters with bottom-mounted tuyeres. In both types of 
converter, various mixtures of oxygen and argon are supplied to 
the tuyeres. The tuyeres are located below the level of the 
metal bath in the blow position of the converter. During the 
operation of converters of this type, a phenomenon occurs, which 




has become known in the literature as "back attack" and has been 
demonstrated by high-speed photography. 

The back-attack phenomenon is described in the article 
"Characteristics of Submerged Gas Jets and a New Type [of] 
Bottom Blowing Tuyere" by T. Aoki, S. Masuda, A. Hatono, and M. 
Taga, published in "Injection Phenomena in Extraction and 
Refining", edited by A. E. Wraith, April 1982, pages Al-36. 
This back-attack effect will now be described in greater detail 
with reference to Figures 5 and 6. 

Figure 5 shows a schematic representation of the individual 
sequences with respect to time in 5 stages after- the entry of a 
gas jet into a molten metal and the back-attack effect. 

In the first phase, the gas jet 101 enters the molten metal 

103 approximately horizontally from the horizontally positioned 

tuyere 102 (Figure 5, part 1) . A column of gas, bubbles 104 

forms. In a second phase, the gas bubble expands farther into 

the interior of the molten metal 103 (Figure 5, part 2) . A 

constriction 105 then develops in the "stem" of the gas bubble, 

and a "collapse" occurs (Figure 5, part 3), and finally the gas 

bubble 106 as a whole separates (Figure 5, part 4) . At this 

instant, the gas jet 101 strikes the wall of the cavity formed 

in the molten metal and is deflected back in the direction of 

the converter wall 107, which is made of refractory material; 
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this constitutes the actual back attack. In part 5 of Figure 5,. 
the same state as in part 1. is reached again, and the. process- 
repeats itself.* 

This process known as back attack has a variety of negative 
effects. Impact stress occurs on the converter wall at a point 
perpendicular to the "axis of rotation of the converter with a 
typical frequency of 2-12 Hz. This leads to vibrations of the 
converter vessel and its power train. The resulting 
micromotions in the converter bearings (usually conical roller 
bearings) and between the gear wheel and the split pinions in 
the converter gear unit result in fric'tional stress and rapid 
wear due to the inadequate formation of a lubricant film. The 
vibrations can also lead to vibration failures in the torque 
converter bearing of the converter gear unit and in the 
foundation supports if the latter are realized as a steel 
construction. This problem can be. remedied with the present 
state of the art only by a reinforced design and enlargement of 
the bearings and by special locking mechanisms in the converter 
gear unit. However, both measures require large capital 
investments. 

Besides the impact stress, strong erosion of the refractory 
wall of the converter is observed in the area surrounding the 
gas tuyeres. This effect could also be reproduced in a model 
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experiment (see the above cited article in "Injection Phenomena 
in Extraction and Refining"). The converter model used for this 
purpose consisted of mortar for the refractory material and 
dilute hydrochloric, acid as the melt. Air was blown in through 
a bottom nozzle. At a blowing pressure of both 4 kg/cm 2 and 50 
kg/cm 2 , the typically concavely shaped erosion depression 
developed around the nozzle, although the depression was larger 
at the lower blowing pressure. 

The advancing wear in this zone limits the duration of a 
converter campaign to typically 80-100 heats. After that, the 
entire refractory lining of the converter must be replaced, even 
though it would still have further useful life outside of the 
area of the tuyeres. This circumstance has a considerable 
effect on the economy of the converter process. 

In addition, the large volume of the separating gas bubble 

results in an unfavorable, i.e., small, surface-to-volume ratio. 

Therefore, the reactions between the gas and the molten metal 

occur more slowly, the utilization, especially the oxygen 

utilization, is poorer, and the mixing effect between the molten 

metal and the slag floating on it is poor. This results in the 

need to use larger amounts of process gas and thus in higher 

operating costs. 

Various methods have been published for weakening the back- 
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attack effect or eliminating it to the greatest extent possible 

and thus removing the negative effects of back attack that have 

just been described, One such method (see the above-cited 

article in ' " Inj ection Phenomena in Extraction and Refining") 

consisted in changing from tuyeres with a- circular cross section 

to tuyeres with a slot-shaped cross section. However, these 

tuyeres are more difficult to produce than circular tuyeres. 

Therefore, they are more expensive and also more difficult to 

install. Furthermore, it is practically impossible to produce 

reliable slot tuyeres with an annular gap. Depending on the 

pressure difference. between the inner pipe and the annular gap, 

the inner pipe expands differently, and the cross section of the 

annular gap undergoes unwanted and nonuniform changes. For 

these reasons, this method has not gained acceptance. 

In the aforementioned model experiment, the blowing 

pressure was raised above the customary 15 bars (at which the 

impact stress happens to be greatest) to values as high as 80 

kg/cm 2 (see also the above-cited article in "Injection Phenomena 

in Extraction and Refining"). The resulting conditions are 

shown in Figure 6. The graph shows the effect of increasing 

blowing pressure on the back-attack effect with a circular 

nozzle with an inside diameter of 1.7 mm. This model involved 

the blowing of nitrogen in water. With increasing blowing 
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pressure, the frequency of the back attack drops significantly, 
because the gas bubble extends over a greater distance. The 
cumulative jet pulse initially rises with increasing blowing • 
pressure and then also starts to decline at a blowing pressure 
of about 15 kg/cm 2 . 

Another method- for influencing . the back-attack effect 
consists in the use of a ring tuyere with or without spiral 
swirl vanes (see "Back-Attack Action of Gas Jets with Submerged 
Horizontally Blowing and Its Effects on Erosion and Wear of 
Refractory Lining, " J.-H. Wei,. J.-C. Ma, Y.-Y. Fan, N.-W, Yu, . 
S.-L. Yang, and S.-H. Xiang, 2000 Ironmaking Conference 
Proceedings, pp. 559-569). In this method, the spiral swirl 
vanes impart rotational motion to the gas jet, which is intended 
to produce more thorough bath mixing and smaller " bubbles and 
thus less intense back attack, less wear of the refractory 
lining, and better gas utilization. The higher pressure loss of 
the tuyeres with spiral swirl vanes is seen as a disadvantage. 
This requires an increase in the gas admission pressure, which 
is not possible in all cases. 

Proceeding on the basis of this prior art, the objective of 
the invention is to moderate or eliminate the back-attack effect 
in metallurgical furnaces without the disadvantages described 
above . 



This objective is achieved with a gas supply system with 
the features of Claim 1 and a method with the features of Claim 
7., 

. It is 'proposed that the gas supply system of the 
metallurgical furnace have an inflow restrictor, which is 
assigned to the tuyere or is positioned upstream of the tuyere 
and periodically reduces or interrupts the gas supply to the 
interior of the furnace. This means that the gas bubble can 
separate from the tip of the tuyere at much shorter ..time 
intervals than in the case of conventional, uninterrupted gas 
flow. Consequently, smaller bubbles form right from the start,, 
and the reactive effects of back attack on the wall of the 
vessel are much smaller. At the same time, the gas bubbles have 
a higher surface-to-volume ratio. 

With respect to the method, it is proposed that the gas 
flow into the interior of the furnace be periodically reduced or 
interrupted with frequencies above about 5 Hz, so that the gas 
flow is divided into smaller volume units. It was found that 
starting at a switching frequency of the inflow restrictor of 
about 5 Hz, there is a significant reduction of the maximum 
pressure amplitudes at approximately the same frequency. This 
favorable reduction of the pressure amplitudes can be 
intensified with increasing switching frequency with very 



favorable results at a switching frequency of, for example, 20 
Hz and higher, . 

The inflow restrictor is installed in the gas supply line 
to the tuyeres and as close as possible to the mouth of the 
tuyere. 

In principle, any type of inflow restrictor device or gas- 
flow unit can be used. In particular, it is proposed that a 
mechanical device be used, preferably a solenoid valve or a 
servovalve. 

The inflow restrictors are preferably installed in such a 
way that they can be bypassed. For this purpose, the system has 
bypass lines that can be closed and that are assigned to the 
respective lines in which the inflow restrictors are integrated. 
This makes it possible to convey the gas stream only. through the 
bypass lines during certain blowing phases, for example, during 
phases with a blowing rate in which the. back-attack effect is 
not so pronounced, and to dispense with gas flow regulation by 
the inflow restrictors. At the same time, with an arrangement 
of this type, it is possible to continue the operation in the 
event of a failure of one or more of the inflow restrictors. 

In addition, it is proposed that several inflow restrictors 

be coordinated with one another or timed in their operation. 

Several inflow restrictors together with the corresponding 
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tuyeres are to be operated either in phase or out of phase. A 
suitable control unit for the. inflow restrictors is provided for 
this purpose . 

The invention is explained in greater detail below with 
reference to the drawings . 

— Figure 1 shows a schematic representation of a. 
metallurgical furnace with a gas supply system in accordance 
with the invention. 

— Figure 2 shows a graph of the pulsating pressure as a 
function of time for a prior-art. gas supply system with a tuyere 
without a valve. 

Figure 3 shows a corresponding graph of the pulsating 
pressure as a function of time for a gas supply system in 
accordance with the invention with pulsation by a solenoid 
valve. 

-- Figure 4 shows a graph of the pulsating pressure as a 
function of time for a gas supply system in accordance with the 
invention with pulsation by a servovalve. 

— Figure 5 shows a schematic representation of the 
mechanism of the back-attack phenomenon. 

— Figure 6 shows a graph of the back-attack frequency as a 

function of the gas blowing pressure from "Injection Phenomena 

in Extraction and Refining, " edited by A. E. Wraith, April 1982, 
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pp. ' Al-36 . 

Figure 1 shows a schematic representation of a gas supply 

system 3 for reducing or preventing the back-attack effect for 

the example of a converter 1 with refractory lining 2. In a 

converter with side-mounted tuyeres, several (submerged) tuyeres 

are mounted in the wall of the converter and are located below 

the bath surface 4 when the converter 1 is placed in a vertical 

position. Figure 1 shows only one of the tuyeres 5 as an 

example. The tuyere 5 extends horizontally through the 

refractory lining 2 of the furnace. The tuyere 5 is part of the 

gas supply system 3, which also has gas lines 6, in each of 

which an inflow restrictor 7 (here a solenoid valve or a 

servovalve) is integrated. The inflow restrictor 7 is mounted 

as close as possible to the mouth of the tuyere. The gas supply 

to the interior of the furnace or the molten. metal bath is 

periodically or regularly reduced or completely interrupted for 

a short period of time by the inflow restrictor 7. The gas 

supply system 7 has bypass lines 8 parallel to the gas lines 6. 

Each bypass line 8 can be closed or opened by a shutoff device 

9. In the open state, the inflow restrictor 7 or the shutoff 

device 9 is then closed. A control unit 10 controls the valve 

and the shutoff device 9 and is connected with the valve and the 

shutoff device 9 by control wires 11. The control unit 10 also 
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controls the adjustment of individual valves of neighboring- 
supply lines for several tuyeres as well as the shutoff devices 
of the bypass lines . 

Figures 2 to 4 show results of model experiments in a 
circular water tank, in which the pressure surges (pulsating 
pressure in bars) on the wall of the vessel were measured with a 
special sensor as a function of the time in ms. A' circular 
nozzle with a diameter of 6 mm and a nozzle inclination of 0°. 
was used in all of the tests. The inset in each of Figures 2 to 
4 shows the nozzle with its. radial zone of influence on the wall, 
of the vessel. The measuring sensor is positioned at point VI. 
First, nozzles without a valve show the typical appearance of . 
back attack (see Figure 2) . Even above a switching frequency of 
the solenoid valve of only 5 Hz, there was a definite reduction 
of the maximum pressure amplitudes at approximately the same 
frequency, here a pulsation frequency of 7 Hz (Figure 3) . The 
best results were obtained with a switching frequency of 20 Hz, 
which at the same time is the maximum switching frequency for 
the solenoid valve that was used. All together, the stress 
amplitudes of the back attack become smaller with increasing 
pulsation frequency. 

The back-attack effect can thus be significantly reduced by 
pulsation of the gas stream. All together, mechanical 
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vibrations that have previously been observed in bottom blowing 
or side blowing converters for producing carbon steels or 
stainless steels can be weakened or suppressed in this way. 
Wear of the refractory material or brickwork in the zone around 
the tuyere is suppressed. In addition, mass transfer between 
the gas phase and the liquid phase in the converter is improved. 
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List of Reference Numbers 

1- converter 

t 

2 refractory lining 

3 gas supply system 

4 bath surface 

5 tuyere 

6 gas line 

7 inflow restrictor (valve) 

8 bypass line 

9 shutof f device 

10 control unit 

11 control wires 

101 gas jet 

102 tuyere 

103 molten metal 

104 column of gas bubbles 

105 constriction 

106 gas bubble 

107 converter wall 
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CLAIMS 

1. Gas supply system (3) for a side blowing and/ or bottom 
blowing metallurgical furnace with at least one tuyere (5) , 
which is mounted in the side wall and/or in the bottom of the 
furnace, wherein gas is conveyed through a line (6). of the gas 
supply system to the tuyere (5) and through the tuyere to the . 
interior of the metallurgical furnace, characterized by the fact . 
that the gas supply system (3) has. an inflow restrictor (7), 
which is assigned to the tuyere (5) or is positioned upstream of 
the tuyere (5) and periodically reduces, or interrupts the gas 
supply to the interior of the furnace. 

2. Gas supply system in accordance with Claim 1, 
characterized by the fact that the frequency with which the 
intake restrictor (7) is switched between an open position for 
unimpeded gas supply and a partially or completely. closed 
position for reduced or interrupted gas supply is greater than 5 
Hz. 

3. Gas supply system in accordance with Claim 1 or Claim 

2, characterized by the fact that the inflow restrictor (7) is 
installed close to the mouth of the tuyere. 

4. Gas supply system in accordance with any of Claims 1 to 

3, characterized by the fact that the inflow restrictor (7) 
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comprises a solenoid valve or a servovalve. 

5. Gas supply system in accordance with any of Claims 1 to 

4, characterized by the' fact that the system (3) has bypass 
lines (8) ifhat are assigned to the respective gas lines (6) in 
which the inflow restrictors (7) are integrated and that each 
bypass line (8) has a shutoff device (9). 

6. Gas supply' system in accordance with any of Claims 1 to 

5, characterized by the fact that it has a control unit (10) for 
the inflow restrictors (7) for coordinating the in-phase or out- 
of-phase operation of at least two tuyeres (5) . 

7. Method for operating a gas supply system for a side 
blowing and/or bottom blowing metallurgical furnace with at 
least one tuyere (5), which is mounted in the side wall and/or 
in the bottom of the furnace, wherein gas is conveyed through a 
line (6) of the gas supply system (3) and through the tuyere (5) 
to the interior of the metallurgical furnace, characterized by 
the fact that the flow of gas into the interior of the furnace 
is periodically reduced or interrupted at frequencies greater 
than 5 Hz . 
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Figure 2. Pulsating pressures measured at measuring point VI 

without valve. 

KEY: 

Wechseldruck in bar = pulsating pressure in bars 
Zeit in ms = time in ms 

Runddiise 0 6 mm = circular nozzle 0 6 mm 
Dusenneigung: 0° = nozzle inclination: 0° 

Figure 3.'. Pulsating pressures measured at measuring point VI 

pulsation frequency adjusted to 7 Hz.. - 

KEY: 

Wechseldruck in bar = pulsating pressure in bars 
Zeit in ms = time in ms 

Runddiise 0 6 mm = circular nozzle 0 6 mm 

Dusenneigung: 0° = nozzle inclination: 0° 

Pulsation durch Magnetventil = pulsation by solenoid valve 

Figure 4. Pulsating pressures measured at measuring point VI 

pulsation frequency adjusted to 20 Hz. 

KEY: 

Wechseldruck in bar = pulsating pressure in bars 
Zeit in ms = time in ms 

Runddiise 0 6 mm = circular nozzle 0 6 mm 



Diisenneigung: 0° = nozzle inclination: 0° 
Pulsation durch Servoventil = pulsation by servovalve 
Figure 6. 
KEY: * 

Frequenz (Zeit/min) = frequency (time/min) 
Blasdruck (kg/cm 2 ) = blowing pressure (kg/cm 2 ) 
Frequenz = frequency 

Kuiru Strahlimpuls =' cumulative jet pulse 
Kumuliertes Strahlimpuls = cumulative jet pulse 
Impuls = pulse 

Querschnittsf lache = cross-sectional area 



